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FOREWQORD

Environmental measurements are required to determine the quality of
ambient waters and the character of waste effluents. The Environmental
Monitoring and Support Laboratory - Cincinnati:

o Develops and eva]uates techniques to measure the presence and con-
centration of physical, chemical, and radiological pollutants in
water, wastewater, bottom sediments, and solid waste.

o Investigates methods for the concentration, recovery and
identification of viruses, bacteria, and other microbiological
organisms in water. Conducts studies to determine the responses of
aquatic organisms in water.

o Conducts an Agency-wide quality assurance program to assure
standardization and quality control of systems for mon1tor1ng water
and wastewater.

Standardized analytical methods and quality control procedures become
academic if samples are not representative of their original environment or
if constituents change between time of sampling and analysis. This
publication provides guidelines and recommendations on techniques for
sampling and sample preservation to help alleviate these problems.
Procedures have been standardized as much as possible throughout this
document. However, sampling techniques cannot be predetermined for all
situations, so the use of statistical procedures to establish Tlocation and
frequency of sampling, number of samples, and parameters to be analyzed is
recommended when other guidelines do not exist. Sample preservation methods
and holding times are included for the parameters listed for the National
Pollutant Discharge Elimination System and Primary Drinking Water
Regulations. Special handling or sampling techniques are also included for
the individual constituents. Personnel establishing a sampling program
should find sufficient information to determine the best techniques to

apply.

This manual can not detail all aspects of sampling for water and
wastewater samples, therefore, references are provided for further study in
areas of interest.



Finally, the guidelines and recommendations are not intended to super-
cede EPA enforcement requirements, rather to provide information to sampling
personnel. Sampling and sample preservation requirements for inhouse and
extramural projects, compliance monitoring and enforcement proceedings, and
other mandatory activities are specified by the responsible program.

53 btk L. B

Robert L. Booth

Acting Director

Environmental Monitoring & Support
Laboratory - Cincinnati
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ABSTRACT

The four basic factors which affect the quality of environmental data
are sample collection, sample preservation, analyses, and recording.
Improper actions in any one area may result in poor data from which poor
judgements are certain. This manual was developed to provide general and
specific guidance in sample collection and preservation.

A review of the literature and a survey of field practices provide the
basis for guidelines in general sampling techniques, samplers, flow
measuring devices, a statistical approach to sampling, preservation of
samples for physical, chemical, biological and radjological analyses,
procedures for sampling waters from municipal, 1ndustr1a], and agricultural
sources, surface waters, and sludges.

Finally this handbook does not supersede sampling, preservation, or
chain of custody procedures specified by enforcement, compliance monitoring,
or program offices of the U.S. Environmental Protection Agency. Rather it
is intended to complement their requirements.
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CHAPTER 1

INTRODUCTION

Obtaining representative samples and maintaining their integrity
are critical parts of any monitoring or enforcement program. Analytical
methods have been standardized but the results of analyses are only as good
as the sampling and the sample preservation methods. The purpose of this
handbook is to present the best techniques currently available for sampling
and sample preservation. The recommendations were developed after an
extensive literature review and survey of current Taboratory and field
practices. The handbook will allow personnel to determine the most
effective procedures for their specific applications.

In sampling, the objective is to remove a small portion of an environ-
ment that is representative of the entire body. Once the sample is taken,
the constituents of the sample must stay in the same condition as when
collected. The length of time that these constituents will remain stable is
related to their character and the preservation method used.

The sampling technique is determined by the type of water or wastewater
to be sampled. This handbook primarily addresses the water and wastewater
types shown below and addresses in a limited way, sampling of oceans and
estuaries..

1. Municipal wastewaters 4. Agricultural run-off

2. Industrial wastewaters 5. Wastewater sludges

3. Surface waters and 6. Ground water
sediments 7. Drinking water

General information on automatic samplers, flow monitoring and
statistical methods used to determine number of samples, frequency of
sampling, location of sampling, and parameters to be measured are included.

Special consideration is given to sampling for suspended solids, trace
organics and radioactive substances.

Since preservation methods relate to the parameters to be analyzed,
these techniques are classified by parameter.



CHAPTER 2

GENERAL CONSIDERATIONS FOR A SAMPLING PROGRAM

Most definitions of water quality are use-related. Each user produces
wastewaters containing pollutants which impacts the environment in different
ways. For example, power plants discharge thermal pollution that impacts
the biological population, household nutrient discharges lead to
eutrophication of lakes, industrial discharges cause oxygen depletion or
discharge toxic substances which ki1l fish. The broad spectrum of ground
water, surface waters, lakes, estuaries, coastal waters, municipal wastes,
industrial wastewaters and surface run-offs make monitoring of water quality
a formidable task. Sampling is the first key element in a monitoring
program that must be performed properly to assure valid data. No single
sampling program can apply to all types of waters, nevertheless, each
sampling program must consider:

1. Objectives of Sampling Program 4. Sample Collection Methods
2. Location of Sampling Points 5. Flow Measurements
3. Types of Samples 6. Field Procedures

2.1 OBJECTIVES OF SAMPLING PROGRAMS

There are four major reasons for sampling and analyses program;
planning, research or design, process control, and regulation. These
objectives in an overall water quality program are interrelated and cover
different stages from planning to enforcement. Based upon these objectives,
the different sampling programs are compared in general terms in Table 2.1.
Since the objectives of a program directly affect sampling and laboratory
analyses, specifying the objectives is the first step in planning a sampling
program. '

2.1.1 Planning Objectives

An area-wide or basin planner monitors to:

Establish representative baseline water quality conditions;
Determine assimilative capacities of streams;

Follow effects of a particular project or activity;
Identify pollutant source;

Assess long term trends;

Allocate waste load; or.

Project future water characteristics.

SNO T WN =
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2.1.2 Research Objectives

Water/wastewater research projects conduct'sampling and analyses to!

1. Determine the treatment efficiency for a unit process or overall

treatment system,

Determine the effect of changes in process control variables,

Characterize influent and effluent streams and sludges,

Optimize chemical dosages, loadings for carbon adsorption columns,

for advance waste treatment processes or treatment of drinking

water, or

5. Ascertain health effects of effluents, sludges, drinking waters and
ambient waters.

N

2.1.3 Process Control Objectives

Water/wastewater treatment process and associated systems conduct
sampling and analyses to:

1. Produce an effluent of the highest quality,

2. Optimize and maintain physical, chemical, and biological process
control variables that affect treatment efficiency, i.e. mixed
1iquor suspended solids, sludge withdrawal rate, dissolved oxygen,
chemical dosages, etc,

Determine resource recovery from unit processes,

Allocate the cost of treatment to a unit within a complex of unit
processes, or

5. Determine substances that are toxic or interfere with the treathment

- W

system.
TABLE 2.1 COMPARISON OF SAMPLING PROGRAMS BASED ON OBJECTIVES
o Research Process
Objectives Planning Design Control Regulatory
Scope General Specific Specific Specific¢
Goals Establish New Develop- Operation Verification
trends ments quality compliance
Benchmarks Modifications control enforcement
Background Improvements
levels
Effort Non-intensive Intensive Non- intensive Non-intensive
and unlimited and limited and Timited and 1imited

\v
W

2.1.4 Requlation Objectives

Most sampling surveys and subsequent analyses are performed to méet the
requirements of federal, state, or local regulations. An example of reguta-
tory monitoring is the National Pollutant Discharge Elimination System .
(NPDES) established in accordance with the Federal Water Pollution Control

3



Act Ammendments of 1977 and 1978 (P.L. 92-500). Specific objectives in
collecting regulatory data vary considerably and often overlap, but
generally are performed to:

Verify self-monitoring data,

Verify compliance with NPDES permit,

Support enforcement action,

Support permit reissuance and/or revision, or

Support other program elements such as water quality standards
requiring wastewater data.

Ol W=

2.2 SAMPLING LOCATIONS

2.2.1 General Considerations

Usually, the sampling program objectives define the approximate
locations for sampling, for example, influent and effluent to a treatment
plant or water supply intake. Often, however, the sampling program
objectives give only a general indication, such as the effect of a surface
runoff on a river quality when assessing the quality of drinking water
supplies for a community.

Since water quality varies from place to place in most water systems,
locations appropriate to the information needs of a particular program must
be selected. The nature and extent of spatial heterogeneity can vary with
time, and can also differ markedly between systems of the same type. A
typical case may be a zone where fresh and saline waters are mixing.

No specific guidelines can be given on the exact locations for sampling;
however, some general points are given in Section 2.2.2 and 2.2.3 when
considering sampling locations.

2.2.2 Relevant Factors in Selecting Sampling Locations

The selected sampling locations must be representative sites. The term
"representative point" is defined in 40 CFR, Part 35, subpart B, Appendix A,
p. 224, 1976 as a location in surface waters or ground waters at which
specific conditions or parameters may be measured in such a manner as to
characterize or approximate the quality or condition of the water body; or
a location in process waters or wastewaters where specific conditions or
parameters are measured that adequately reflect the actual conditions of
those waters or wastewaters.

Factors influencing the selection of sampling locations are:

homogenity of the water or wastewater. Turbulence and good
mixing resulting from-a hydraulic jump and spring and fall
turnovers of a lake, respectively, enhance the homogenity or
the uniform distribution of the contituents in the body of
water,

Non-homogenity of the water or wastewater. Poor mixing, for
example, stratification in lakes or a river downstream of a

4



waste discharge. Different densities of the constituents, such
as floating oils or settling suspended solids. Chemical or
biological reactions, such as growth of algae in upper layers
of the body of water, causing changes in pH.

Other considerations such as pronounced degradation of water
quality in specific areas, suitability for flow measurements,
convenience and accessability.

2.2.3 Selection of Sampling Locations (1)

The selection of the Tocation of sampling must consider:
1. Homogeneity of water or wastewater:

At significant outlets and inputs of lakes, impoundments,
estuaries or coastal areas that exhibit eutrophic
characteristics.

At locations upstream and downstream of major population and/or
industrial centers which have significant discharges into a
flowing stream.

Upstream and downstream of representative land use areas and
morphologic zones.

From several locations to obtain the required information.

2. General characteristics of water or wastewater: (1)

At representative sites in mainstream of rivers, estuaries,
coastal areas, lakes or impoundments.

In major water use areas, such as public water supply intakes,
commercial fishing areas and recreational areas.

At representative sites in the individual waste streams.

At the mouths of major or significant tributaries to
mainstreams, estuaries or coastal areas.

3. Pronounced water quality degradation:

At critical locations (which have the potential for displaying
the most pronounced water quality or biological problems) in
water quality limiting areas.

At critical locations within eutrophic or potentially eutrophic
lakes, impoundments, estuaries, or coastal areas.

4. Flow Measurement:

Locations where corresponding discharges are known or can be
estimated.

5. Convenience, accessibility and practicability are certainly
important but they must be secondary to representativeness of sampling.



2.3 SAMPLE COLLECTION METHODS

Sampies can be collected manually or with automatic samplers. Whichever
technique is adopted, the success of the sampling program is directly
related to the care exercised in the sample collection. Optimum performance
will be obtained by using trained personnel.

2.3.1 Manual Sampling

There is minimal initial cost involved in manual sampling. The human
element is the key to the success or failure of manual sampling programs.
It is well suited to a small number of samples, but is costly and time
consuming for routine and large sampling programs. Table 2.2 lists some of
the advantages and disadvantages of manual and automatic sampling. Various
types of manual grab samplers are described throughout the Handbook.

2.3.2 Automatic Samplers

Automatic samplers are being uséd increasingly because of their cost
effectiveness, versatility and reliability, improved capabilities - greater
sampling frequency, and increased sampling needs because of the NPDES
permit program, .

Automatic samplers are available with widely varying Tevels of
sophistication, performance, mechanical reliability and cost. Table 2.3
Tists different automatic samplers and their characteristic features.(3)
However, no single automatic sampling device is ideally suited for all
situations. For each application the following variables should be
considered in selecting an automatic sampler: (4)

. Variation of water or wastewater characteristics with time.
Variation of flow rate with time.
Specific gravity of 1iquid and concentrations of suspended
solids.
Presence of floating materials.

Selection of a unit or a variety of units for sampling should be
preceded by a careful evaluation of such factors as:

. The range of intended use.
The skill level required for installation of the automatic
sampler.
The Tevel of accuracy desired.

References 5,6,7,8, and 9 have useful information on the theoretical
design considerations and actual field performance data for automatic
samplers.



TABLE 2.2 THE ADVANTAGES AND DISADVANTAGES OF MANUAL AND AUTOMATIC SAMPLING

Type Advantages Disadvantages
Manual Low capital cost Probability of increased
variability due to sample
hand1ing
Compensate for various
situations Inconsistency in collection
Note unusual conditions High cost of Tabor*
No maintenance Repetitious and monotonous
task for personnel
Can collect extra samples in
short time when necessary
Automatic Consistant samples Considerable maintenance for

Probability of decreased
variability caused by
sample handling

Minimal labor requirement
for sampling

Has capability to collect
multiple bottle samples for

visual estimate of variability

& analysis of individual
bottles

batteries & cleaning;
susceptible to plugging by
solids

Restricted in size to the
general specifications

Inflexibility

Sample contamination
potential

Subject to damage by vandals

* High cost of Tabor assumes that several samples are taken daily, Targe
distances between sampling sites, and labor is used solely for sampling.

2.3.2.1 Criteria for Evaluating Automatic Sampler Subsystems

There are usually five interrelated subsystems in the design of an

automatic sampler.
described below;

and 9.

2.3.2.1.1 Sample Intake Subsystem

The criteria for selecting subsystems are briefly
more detailed information can be found in references 5,6,

The success of an automatic sampler in gathering a representative sample
depends on sampling site conditions (4) and the design of the sample intake

subsystem.
of:

Freedom from plugging or clogging.

The reliability of a sample intake subsystem is measured in terms

Non-vulnerability to physical damage.

7



TABLE 2.3 AUTOMATIC SAMPLERS AND THEIR CHARACTERISTIC FEATURES (3)

2E | woxnerin R, - %ﬁ%—g— wi 711 5§§ g‘g, EE - o oy s

e | e BB Tt | 2Rl (] e | e | e (BRdS)|ET| WV |SElnleslaal|glERS
BIF Sanitrol 414 670/27.3 x 25.4 x VAR.| 18.16] 1| 7570 Nalgene Tygon Fiberglass 762 Dipper X X F
Brailsford EVS-3B | 672]30.5x229x483| 872| 1] 3785 Polypropylene |  Tygon Plexiglas {10.2 | 182] 3.16) Vacuum X XX P
Brailsford DC-F 296] 30.5x24x48.3 8.721 1| 7570 Polypropylene |  Tygon Teflon 23.2| 213]| 3.16| Piston X X P
Brailsford DU-2 373|305x229x483 ] 8.72| 1| 7570 Polypropylene| Tygon Teflon 23.2| 213} 3.16|Piston X X P
Brailsford EP 313 Small L 1] 3785 Polypropylene | Tygon Teflon. 123.2{ 213| 3.16}Piston X X P
BVS PP-106 | 700| 31.8x254x46 | 35 11 9463 Plastic Tygon PVC 6096| 3.16/Pressure X X P
BVS PPR-100 | 900 43.2 x49.5 x45.1 1| 5678}Ref.| Plastic Tygon PVC 6096 Pressure X X|X] I P
BVS SE400 [2700] 61x61x 122 | 79.5 | 1(18,925|Ref.| Polyethylene Plastic PVC 975]12.7 [Submersible Xl X|X F
BVS SE-600 [2900] 61x61x122 | 79.5 | 1/|18,925|Ref.| Polyethylene Plastic’ PVC 50.8 |Submersible X| XX F
Bristol M-AKT | 9 76x 304 32 | 1| 378 Polypropylene Stainless Plgnget inte X[ XX F
Chandler SR-10 [2245) 27,2 x59.7 x 108 | 454 | 1] 8000 Ref.| Polyethylene PVC U H ) 671 Vacuum X X XX F
Collins 40-2R |1343| 50.8x61x122 |100 1(18,925| Ref.| Polyethylene |Polyethylene [ Polypropylene| H | 610| 8.5 |Moyno X X F
EMA 200AC | 239 20 x 83 91 |1} U |lce U Plastic Aluminum 77| 95 | Sgenod X X|X F
ETS FS4 [1100] 108 x 46 x 55 318 [12| 3785 Plastic Nory! L | 883 Peristaltic X X P
Fluid Kinetics | St Ref. ‘ . x| x| x| x F
FMC Corp. Tru-Test |2850) 49.6 x 60.4 x 131 |147.6 | 1| 7500 Ref.| Polyethylene 93.3| 457|508 |Centrifugal X{ XX F
Herizen 7578 600|406 x 235 x57.2 | 12.7 | 1| 9463 Polyethylene Tygon Silicone 9141 4.8 |Peristaltic X X P
Hydragard FP 310 10.2x74 32 (1 U U Plastic Stainless 95 |Pressure XX Xl | P
Hydra-Numatic] HNS {1980/ 91.4x334x914 | 90.8 | 1/18,925 Polyethylene Tygon Bronze 75 | 457]12.7 |Impelier XX X F
i1SCO 1392|1200 495x533 18.2 |28 500| Ice | Polyethylene Tygon Silicone |96.3 | 790| 6.35|Peristaltic | X | X [ X XIX P
ISCO 1480 800 485 x 64.8 14.1 | 1]11,350; Ice | Polyethylene Tygon Silicone  |24.1] 790| 6.35|Peristaltic | X | X | X| | X|X P
1SCO 1580 900 485 x 64.8 14.1 | 1[11,350] Ice | Polyethylene Tygen Silicone  [96.3| 790| 6.35(Peristaltic | X | X | X{ X{X{X P
Lakeside T2 1855 25 1] U |Ref. U Plastic Plexiglas 12.7 [Scoop X X F
Manning $-3000 |1100) 656x735 13.2 | 1[15,000| Ice |  Pelvetyiens v BE o H | 670 95 |Vacuum X X| X| X[ x[x P
Manning §4040 (1700 48.3x57.2 17.2 28] 3% Ylce | Polyeihyiene VLo Rvear H | 670| 95 |Vacuum X X1 X] X|X|X P
Manning $-4050 {2000{ 48.3x57.2 17.2 24| 38 |lce| Polyeihytene pvL or Ve H | 670| 95 |Vacuum X| X| X| X}X[X P
Manning §-5000 |2800| 61x61x 143 73 1[19,000] Ref.|  Felvethylene PVC PVC H | 670]16 |Vacuum XXX XIX F
Manning S-6000 (3200] 61x61x143 | 80 [24] 1000[Ref.| Plefyiere PVC PVC H | 670[16 |Vacwum | X|X]| X| X|X F
Markland 1301 11150 43.2x305x71.1| 27.2 | 1| 7570 Polyethylene Tygon . EPT. 914| 6.35]Pressure X1 XE IX|X] P
Markland 2104T-CLK|1250 1| 7570 U Tygon EPT. 914 6.35{Pressure X[ X[X| iX{ | F
X - HAS, U- USER SUPPLIED, L-LOW, H-HIGH ( contin ued)'

Costs are 1975 prices, except Manning which are 1981 prices.



TABLE 2.3 AUTOMATIC SAMPLERS AND THEIR CHARACTERISTIC FEATURES (3)

SAMPLE

CONTROLS

ALS EXPOSED 2 . s w
MANUFACTURER — Eg w":}:":‘;’?%?{s HI. 3 mm:s §§ * s gig EE" %’E THESF  |awlsg]eales $ 2 §§
&3 - £ (k| @ [FE| e Tubing e |S35| 25| £ e |Sg|2E|EE1RE . 5| | B lBT
N-Con Surveyor | 275 Small L [1] U U U Buna-N | H | 182[12.7 |Impeller X X P
N-Con Scout | 520(35.6x 15.3x43.2| 10 | 1| 3785 - '|Polypropylene| Tygon |Silicone | 12.1| 457 6.35]|Peristaltic X X|[X P
N-Con Sentry {1100| 40.6 x 35.6 x33 | 15924 450 Glass Tygon (Silicone | 12.1| 457 6.35|Peristaltic | X X X (X P
N-Con Trebler | 1600 11 U {Ref. U PVC L Scoop X X F
N-Con Sentinel 68.5x25.4x 147.4| 84 | 1| 7570|Ref.| Polyethylene PVC 508 |U X X F
NP Enterprises NPE 1 Ref. H Vacuum X X X F
Phips & Bird 8392-300 | 850 11 U U Stainless 305 Dipper X X[X F
Pro-Tech CG-125 | 800| 33x254x43.2 | 9.1} 1| 5678 TFE Resins [TFE Resins{ PVC 914{ 3.16{Pressure X X X |P
Pro-Tech CG-150 | 900| 33x25.4x43.2 | 9.1 1| 5678 TFE Resins |TFE Resins| PVC 914 3.16|Pressure X X X|X}P
Pro-Tech CEL-300 |1500| 33 x48.3x43.2 | 13.7| 1| 5678 TFE Resins PVC PVC | 99.7] 914]12.7 |Submersible X X P
Pro-Tech DEL-240S|5700(76.2 x 81.2 x 182.9 24| 100|Ref.| TFE Resins | Stainless | PVC | 99.7( 914(12,7 [Submersible X X F
QCEC CVE 570]38.1x38.1x60.9 | 24.9] 1| 1893|lce Glass Tygon [Plexiglas|{ H | 610] 6.35|Vacuum X X X]| . P
QCEC | E 1000} 20.3x 33 x VAR. | 454 1| U B ) ~ |Stainless Dipper X X F
QCEC CVE Il | 950138.1x43.2x38.1] 158} 1| 3785]lce Glass Plexiglas | Brass | H | 610112.7 |Vacuum X X1 X| XX P
QCEC LF | 960 394x77 10 (1] U u U [Stainless e X | [x F
Sigmamotor WD-1 | 650(34.3x254x36.9 |14 | 1| 9462 Plastic Tygon 9.7 670{ 3.16|Nutating X XX P
Sigmamotor WD-5 |1100f 50x37x64 27 118,925 Plastic Tygon 42| 548| 6.35|Finger X XX P
Sigmamotor WM-4-24 1100 50 x 37 x 64 254124 450 Plastic Tygon 9.7] 670] 3.16(Nutating X X XX P
Sigmamotor WM-6-24 (1400| 50 x 37 x 64 29 24| 450 Plastic Tygon 4.2 548| 6.35(Finger X X XX P
Sigmamotor WAP-2 | 700(34.3x254x369 | 11.4| 1| 9462 Plastic Tygon 9.7 | 670( 3.16|Nutating X X P
Sigmamotor WAP-5 1050 50x37x64 19.1| 1]18,925 Plastic Tygon 4.2| 548 6.35|Finger ) X X P
Sigmamotor  |WM-1-24R[1525]53.4 x 55.9 x 86.4 | 56.8{24| 450|Ref. Plastic Tygon 9.7| 670] 3.16|Nutating X X X F
Sigmamotor WAC-5R |1300| 53.4 x 55.9 x 125 | 44.5| 1(18,925|Ref. Plastic Tygon Var. | 670] 3.16|Finger X X F
SIRCO B/ST-VS | 127 (24| 473|Ref.| Polyethylene | Plexiglas H 9.53|Vacuum | X X| |x F
SIRCO B/IE-VS | V% 123 | 1 Ref.| Stainless PVC PVC 6096 Dipper X X F
SIRCO B/OP-vS | 1¥% 91 |4 Ref.| Palyethylene | PVC  |Plexiglas P x| |x F
SIRCO MK-VS | &% [40.7x40.7x559 | 17 |,4| %0 Plastic PVC  |Plexiglas{140 | 670| 9.53 |Vacuum X X XXX P
Sonford NW-3 [1000] 39.4x39.4x68 |232[24] 473 Glass Tygon _[Stainless 396] 6.35 “horner X x|[p
Sonford HG-4 | 500[33.8x31.4x335 1| 3785 | Polyethylene Stainless 53 T X | [xkx P
™I MARK 38| 845|  36.8 x 66 145012] 570 Glass Tygon [Stainless| | 300 6.35] Fpca X x|p
™I MARK 4B 950| 38x38x47 |202[24| 570 Glass Tygon |Stainless 300] 6.35| gt X x| x|p
Tri-Aid Sciences %‘,‘,‘{;ﬁ' Ref. Silicone 762 | 9.53 (Peristaltic X[ X|X]|X F
Waste Watcher | CS/TP (1425 20x20x7 105} 1] U ] Tygon |Silicone | 34 | 670 7.9 |Peristaltic | X | X | X X F

X-HAS, U- USERSUPPLIED, L-LOW, H-HIGH
Costs are 1975 prices, except Manning which are 1981 prices.




. Minimum obstruction to flow.

. Capability to draw a representative sample.

. Multiple intakes.

. Rigid intake tubing or facility to secure or anchor the intake
tubing. Avoidance of sharp bends, twists, or kinks to prevent
clogging of intake Tine.

Compatible materials

2.3.2.1.2 Sample Gathering Subsystem

Three basic sample gathering methods available in commercial samplers
are: mechanical, forced flow, and suction T1ift. Figures 2.1 and 2.2
illustrate forced flow and suction 1ift sample gathering subsystems,
respectively. Figures 2.3 and 2.4 illustrate a mechanical sample gathering
subsystem at a weir and flume installation respectively. These subsystems
are compared in Table 2.4.

2.3.2.1.3 Sample Transport System

A majority of commercially available composite samplers have fairly
small diameter tubing in the sample train which is vulnerable to plugging,
due to the buildup of fats, other solids and insoluble components. Adequate
flow rates must be maintained throughout the sampling train to effectively
transport suspended solids.

To optimize sampler performance and reliability, the following features
and procedures are desirable:

Use a sample transport Tine with at Tleast a 6 mm (4 inch)
internal diameter.
For most applications, select samplers which minimizes contact
of the water/wastewater with metal surfaces during sample
transport.
For peristalic pumps, use a sample Tine which is transparent
and flexible, and made of an inert material such as Tygon. For
collection of organics, use sample lines constructed of
silicone rubber. Do not use silicone rubber transport lines
for trace metal sampling since zinc is a major contaminant.(8)
Conduct tests on sample transport Tines and containers to
assure that the sample is not contaminated.
Prevent clogging of sample Tines by avoiding sharp bends,
_twists, or kinks.

Flush the sample Tine prior to and immediately after each
sample collection. A clean water flush js effective (4) but
not feasible in most instances. A complete air purge is
sufficient for non-permanent or winter operation.

. Select a sample pump capable of Tifting a sample a vertical
distance of 6.1 m (20 feet) and maintaining a Tine velocity of
0.6 to 3.0 m/sec. (2 to 10 ft/sec.).(7)

10
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PRESSURE OPERATION

Propellant under pressure from a source (A)
is metered by a control valve (B) for rate-
meter (C) into accumulator tank (D). On
reaching a preselected pressure, a pneu-
matic relay (E) releases the accumulated
propellant through inlet line (F) 1o the sampie
intake chamber (G). Pressure in the chamber
closes its check valve (H) and propels the
sample through outlet line (I} and into the
sample bottle (J). Excess propeliant vents
through the sarnpie line, thereby purging it of
liguid and incidentally providing protection
against line freezing in cold weather. The
resuiting pressure drop recloses the relay (E)
and the sampling cycle repeats at a repeti-
tion rate determined by adjusting the control
valve (B).

Figure 2.1 Schematic of Forced Flow Type Sampler
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Figure 2.2 Schematic of Suction Lift Type Sampler
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Parts List

No. Description
1. Motor-Reducer

2. Drive Sprocket

. Driven Sprocket

. Roller Chain

. Scoop

. Scoop Counter Weight(not shown)
. Limit Switch

. Time Clock

Alum. Sampler Casting
. Alum. Sampler Support
11. Outlet Coupling

12. Unilet Body & Cover

Lamd .
OW O~V &W

.
PLASTIC P1PE

AN V.NOTCH WEIR
{RECTANGULAR OR CIPOLLETTI GALV. ANCHOR

WEIRS ARE OPTIONAL) ’////’r SOLTS OR ACKEAMAN

Figure 2.3 Schematic of Mechanical Type Sampler (Weir Installation)
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Parts List

No. Description
1. Motor — Reducer

2. Drive Sprocket

3. Driven Sprocket

4, Roller Chain

5. Scoop

6. Scoop Counter Weight(not shown)
7. Limit Switch

8. Time Clock

9. Alum. Sampler Casting
10. Alum. Sampler Support
11. Outlet Coupling

12. Unilet Body & Cover

AS NEEOED
081D,

SAMPLE
BOTTLE

pd

ot 5

> () F
GALV. ANCHOR
801 TS OR ACKERMAN,

Figure 2.4 Schematic of Mechanical Type Sampler (Flume Installation)
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TABLE 2.4 COMPARISON

OF SAMPLE GATHERING SUBSYSTEMS

Feature Mechanical Forced Flow Suction Lift
Lift High High Limited to 7.6 m
25 feet) or Tless
Sample intergra- Possible Possible with Possible with
tion over the pumps but not multiple intakes
entire depth with ejection
units.
Obstruction to Significant Less than mechan- Very Tittle
flow ical subsystem
Explosion-proof Some Pneumatic ejection Some
units meet this
requirement
Dissolved gasses No problem No problem Not suited but if
used, the initial
flow should be
discarded
Fouling Exposed parts Not easily Intake tubing of
have a fouled less than 6 mm

Sample Volume

Flexibility

Maintenance

tendency to
foul

Suitable for
wide range

Limited

Heavy

Pump suitable

for wide range
Pneumatic ejection
units suitable

for sample volume

Moderate

Moderate but
costly

(1/4") 1.D. is
prone to fouling

Should be inde-

pendent of ver-
tical lift

Maximum

Little

The importance of line velocity and isokinetic conditions
(intake velocity same as velocity of flow of water) depends on
the concentration and density of the non-filterable suspended
solids in the water, the program requirements for accuracy of
suspended solids determinations, and any other parameters

affected by suspended solids concentrations.

If a program

requires maintaining isokinetic conditions, dial adjustment of
intake velocity is a desired feature.

15



. A1l materials should be examined to assure that they do not
contaminate the sample.

2,3.2.1.4 Sample Storage Subsystem

Discrete samples are subject to considerably more error introduced
through sample handling, but provide opportunity for manual flow compositing
and time history characterization of a waste stream during short period
studies. The desired features of sample storage subsystems are:

Flexibility of discrete sample collection with provision for
single composite container.

Minimum discrete sample container volume of 500 mL (0.13 gal.)
and ? minimum composite container capacity of 7.57 L (2.0
gal.).

. Storage capacity of at Teast 24 discrete samples.

. Containers of conventional polyethylene or borosilicate glass
and of wide mouth construction.

. Capability for cooling samples by refriggration or a space for
packing ice and maintaining samples at 4~ to 6°C(39° to 43°F)
for _a per18d of 24 hours gt ambient temperature range between
-30° to 50°C (-22° to 122°F).

Adequate insulation for the sampler to be used in either warm
or freezing ambient conditions.

2.3.2.1.5 Controls and Power Subsystem

The following are desired power and controls features which may be
necessary depending upon whether the sampler is to be portable or a permanent
installation:

Capability for either AC (Electrically grounded system) or DC
operation.

Battery 1life for two to three days of reliable hourly sampling
without recharging.

Battery weight of less than 9 kg (20 1b.) and sealed so no
leakage occurs.

Solid state logic and printed circuit boards.

Timing and control systems contained in a waterproof
compartment and protected from humidity. Timer should use
solid state logic and a crystal controlled oscillator.
Controls directly Tinked to a flow metér to allow both
flow-proportional sampling and periodic sampling at an
adjustable interval from 10 minutes to 4 hours.

Capability of multiplexing, that is, drawing more than one
sample into a discrete sample bottle to allow a small
composite over a short interval. Also capability for

fi1ling more than one bottle with the same aliquot for
addition of different preservatives.

Capability of adjusting sample size and ease in doing so.

16



2.3.2.1.6 General Desirable Features

For safety, maintenance, reliability and security in field applications,
the following general features are desired in an automatic sampler:

Water tight casing to withstand total immersion and high
humidity.

Vandal proof casing with provisions for locking. _

A secure harness or mounting device if sampler is placed in a
sewer,

Explosion proof construction.

Sized to fit in a standard manhole without disassembly.
Compact and portable for one-man installation.

Overall construction, including casing, of materials
resistant to corrosion (plastics, fiberglass, stainless steel).
Exterior surface painted a 1ight color to reflect sunlight.
Low cost, availability of spare parts, warranty, ease of
maintenance, reliability and ruggedness of construction.

2.3.2.2 Installation and Use

2.3.2.2.1 General Consideration

Sampling equipment will yield good results only when properly installed
and maintained. A few general guidelines follow:

When a sampler is installed in a manhole, secure it either

in the manhole, for instance, to a rung above the high water
1ine or outside the manhole to an above ground stake by means
of a rope.

Place the intake tubing vertically or at such a slope to ensure
gravity drainage of the tubing between samples, avoiding loops
or dips in the Tine.

Clean sample bottles, tubing and any portion of the sampler
which contacts the sample between setups. Whatever methods of
cleaning are used, all parts of the sampler which come in
contact with the sample should be rinsed with tap water and
then given a final rinse with distilled water. A distilled
water rinse may not be necessary between setups on the same
waste stream.

Inspect the intake after each setup and clean, if necessary.
Exercise care when placing the intake(s) in a stream containing
suspended solids and run the first part of the sample to waste.
Maintain sufficient velocity of flow at all times to prevent
deposition of solids. When a single intake is to be used in a
channel, place it at six-tenths depth (point of average
velocity). (10)(11) For wide or deep channels where
stratification exists, set up a sampling grid as shown in
section 8.4.

Maintain electrical and mechanical parts according to the
manufacturer's instructions. Replace the desiccant as needed.
If a wet-cell lead-acid battery is used, neutralize and clean

17



up any spilled acid.

. Position the intake in the stream facing upstream. Limit the
orientation of the intake 20 degrees on either side of the
head-on. Secure the intake by a rope at all times with no drag
placed on the inlet tubing.

After the installation is complete, collect a trial sample to
assure proper operaticn and sample collection. The sampler
must give replicate samples of equal volume throughout the flow
range. If the sampler imposes a reduced pressure on a waste
stream containing suspended solids, run the first part of the
sample to waste.

2.3.2.2.2 Winter Operation

For outdoor use in freezing temperatures, use special precautions to
prevent the collected sample(s) from freezing. These include:

Place the sampler below the freezing level or in an insulated
box. ‘ ' '

When AC is available, use a Tight bulb or heating tape to
warm sampler. When installation below the freezing level is
not possible and 1ine current is available wrap 1.2 t8 1.8 n
(4 to 6 ft.) heat tapes (thermostatically protected 3°C (38°F))
around the sample bottle and the intake lines. Loosely wrap a
Targe 10 mL plastic trash bag over the heat tape on the intake
lines. Place a large plastic bag over the sampler as loosely
as possible.(7)

Place the 1ine vertically or at such a slope to ensure gravity
drainage back to the source. Even with a back-purge system,
some Tiquid will remain in the Tine unless gravity drainage is
provided. If an excess length of tubing exists, cut it off.
Keep all Tines as short as possible.

Do not use catalytic burners to prevent freezing since vapors
can affect sample composition. When power is unavailable, use
a well insulated box containing the sampler, a battery and
small Tight bulb to prevent freezing.

2.3.2.3 Selection of an Automatic Sampler

To choose an automatic sampler, 1ist the desired features needed for a
particular sampling program and select the sampler that best fits the
requirements consistent with the sampling objectives.

The following is a Tist of features to be considered in selecting an
automatic sampler:

Vertical Tift

Submergence

Explosion proof

Intake tube: diameter/material
Dissolved gases

Suspended solids

YOV WM =
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7. 0i1s and grease and floating material

8. Materials - Organic pollutants

9. Isokinetic sampling

10. Sample type: continuous, composite: time proportional, flow
proportional, and so on.

11. Multiple intakes

12. Multiplexing

13. Dependability

14. Ease of operation

15, Maintenance

16. Availability

2.4 TYPE OF SAMPLE
The type of sample collected depends on the variability of flow,
variability of water or wastewater quality, the accuracy required and the

availability of funds for conducting the sampling and analytical programs.

2.4.1 Grab Sample

A grab sample is defined as an individual discrete sample collected
over a period of time not exceeding 15 minutes. It can be taken manually,
using a pump, scoop, vacuum, or other suitable device. The collection of a
grab sample is appropriate when it is desired to:

Characterize water quality at a particular time.

Provide information about minimum and maximum concentrations.
Allow collection of variable sample volume.

Corroborate composite samples.

Meet a requirement of a discharge permit.

AP WN =
e & o o o

2.4.2 Composite Sample

A composite sample is defined as a sample formed by mixing discrete
samples taken at periodic points in time or a continuous proportion of the
flow. The number of discrete samples which make up the composite depends
upon the variability of pollutant concentration and flow. A sequential
composite is defined as a series of periodic grab samples each of which is
held in an individual container, then composited to cover a longer time
period. Six methods are used for compositing samples. Table 2.5 1ists
those methods with their advantages and disadvantages. Choice of composite
type is dependent on the program and relative advantages and disadvantages
of each composite type.

2.4.3 Se1ection of Sample Type

Use grab samples when: (12)(13)(14)
1. The stream does not flow continuously such as batch dumps.

2. The water or waste characteristics are relatively constant.
3. The parameters to be analyzed are 1ikely to change with storage such
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TABLE 2.5 COMPOSITING METHODS

Sample Compositing Advantages Disadvantages Comments
mode Principle
Continuous Constant Minimal manual Requires large Practical but not
pumping rate effort, requires sample capacity; widely used
no flow measure- may lack represen-
ment tativeness for
highly variable
flows
Continuous Sample pumping Most representa- Requires accurate Not widely used
rate proportional tive especially flow measurement
to stream flow for highly vari- equipment, large
able flows; sample volume,
minimal manual variable pumping
effort capacity, and
power
Periodic Constant sample Minimal instru- May lack represen- Widely used in both
volume, constant mentation and tativeness espe- ~automatic samplers
time interval manual effort; cially for highly and manual sampling
between samples requires no variable flows
flow measurement
Periodic Constant sample Minimal manual Requires accurate Widely used in

volume, time
interval between
samples propor-
tional to stream
flow

effort

flow measurement/

reading equipment
Manual compositing

from flow chart

automatic as well
as manual sampling

{Continued)
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TABLE 2.5 (Continued)

Sample Compositing Advantages Disadvantages Comments
principle
Periodic Constant time Minimal Manual compositing Not widely used in
interval between instrumentation  from flow chart automatic samplers
samples, sample In absence of but may be done
volume propor- prior information manually
tional to total on the ratio of
stream flow minimum to maximum
since last sample flow, there is a
chance of collecting
either too small or
too large individual
discrete samples for
a given composite
volume
Periodic Constant time Minimal Manual compositing Used in automatic
interval between instrumentation  from flow chart samplers and widely

samples, sample
volume propor-
tional to total
stream flow at
time of sampling

used as manual
method

In absence of prior
information on the
ratio of minimum to
maximum flow, there
is a chance of
collecting either
too small or too
large individual
discrete samples
for a given com-
posite volume




as dissolved gases, residual chlorine, soluble sulfide, oil and
grease, microbiological parameters, organics, and pH.

4. Information on maximum, minimum or variability is desired.

5. The history of water gquality is to be established based on
relatively short time intervals.

6. The spatial parameter variability is to be determined, for example,
the parameter variability throughout the cross section and/or depth
of a stream or large body of water, ’

Use composite samples when:

1. Determining average concentrations.
2. Calculating mass/unit time loading.

2.4.4 Method of Manual Compositing

When using a constant volume/time proportional compositing method, use
previous flow records to determine an appropriate flow volume increment so a
representative sample is obtained without exceeding the bottle capacity or

supply.

The preparation of the flow rated composite is performed in various ways.
Table 2.6 summarizes the techniques necessary for preparing composites from
time constant/variable volume samples.

2.4.5 Examples of Manual Compositing

Example 2.1 illustrates the method of manual compositing for time
constant/volume proportional to discharge since last sample, when records of
totalized flow are available.

Example 2.2 illustrates the method of manual compositing for time
constant/volume proportional to discharge since last sample, when records of
flow rates are available.

Example 2.3 illustrates the method of manual compositing for time
constant/volume proportional to instantaneous flow rate.

Example 2.4 illustrates the method of manual compositing for the
constant volume/time proportional to equal increment discharge passing the
sampling point, based on the past records of totalized flow.

Example 2.5 illustrates the method of manual compositing for the
constant volume/time proportional to equal increment discharge passing the
sampling point, based on the past records of flow rates.

Example 2.1: Manually preparing a composite sample using the method, time
constant/volume proportional to discharge since last sample.

Given: A 500 mL discrete sample was taken at the end of each hour over
an eight hour shift. A 3,000 mL composite is desired. A recording of
totalized flow is available.
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TABLE 2.6 MANUAL PREPARATION OF VARIABLE VOLUME COMPOSITE

Type Preparation Equation
Time constant/propor- Determine volume since a; = AQi Vc
tional to total Tast sample by inte- ZAQi
flow gration
a., = aliquot volume to

ZAQi

Time constant/volume Note flow rate at each a.
proportional to time of discrete sample
instantaneous flow collection

where: a;

9
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be extracted from
ith discrete
sample

composite volume
(known)

flow rate when ith
discrete sample was
taken (from flow
record)

flow volume when ith
discrete sample was
taken

flow volume when ith
-1 discrete sample
was taken

flow volume or rate
since last sample
(integration)

total flow volume
(estimated)

9iv
n
Zq.
i=1"
aliquot volume to be
extracted from ith
discrete sample

C

flow rate when ith
discrete sample was
taken (from flow
record)

composite sample
volume

number of discrete
samples



a. (adjusted)'=“'

Sample No. Q; AQ, ' a; a} (500/max a.)

(i) (Titers) (Titers) (mL) (mL)
0 0 - - -
1 858 858 100 77
2 3,462 2,604 303 232
3 8,462 4,792 558 427
4 12,347 4,093 477 365
5 17,950 5,603 653 500
6 21,225 3,275 » 382 292
7 24,600 3,375 393 301
8 25,750 1,150 134 103

ZAQi = 25,750 Zai = 3,000 2,297

max ai = 653 mL

Steps:

1.
2.

Enter Qi from the record and calculate Qi = Qi - Qi-l

v
Calculate a, = © (8Q.), where V_ = 3000 mL

i i c
IZAQ.
i

Check to see if maximum a; exceeds discrete sample volume, that is
653 mL > 500 mL.

If it does, adjust aliquot sizes using the relationship:

a. (adjusted) = a.

i i max a. 653

[discrete sample volume ] _ 500 _ 0.77
i

Determine the adjusted composite volume from a, (adjusted). This
example illustrates that although desired comp&site volume was
3,000 mL (Vc) because of discrete sample volume size, only 2,297 mL

of composite sample can be obtained.

Example 2.2 Manually preparing a composite sample using the method, time
constant/volume proportional to discharge since last sample.

Given: A 500 mL discrete sample was taken at the end of each hour over
an 8 hour shift. A 3,000 mL composite is desired. A recording of flow rate
is available. ’
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Sample No. a; (adjusted) =

' i
(3) q; AQi a, a; (500/max ai)

(Titers) (Titers) (mL) (mL)

sec. sec.

0 961 - - -

1 2,025 1,483 146 132

2 3,700 2,862 282 255

3 5,212 4,456 439 397

4 6,004 5,608 553 500

5 5,018 5,511 543 491

6 4,002 4,510 444 401

7 3,089 3,546 349 316

8 1,847 2,468 244 221

ZAQi = 30,444 Zai = 3,000 2,713

Max a; = 553 mL
Steps:
1. Enter 9 from record and use trapezoidal rule to calculate

(AQi =q; + qi;l)/z (another integration scheme could be used if
warranted).

v
2. Calculate a, = —< (2Q.) where V_ = 3,000 mL
i £AQ. i c
i

3. Check to see if maximum as exceeds discrete sample volume

4, 1If it does, adjust aliquot sizes using the relationship:

a (adjusted) = a ['d1screte sample vo]ume]

max a,
5. Determine the adjusted composite volume from a; (adjusted). This
example illustrates that although desired composite volume was
3,000 mL (Vc) bécause of discrete sample volume size, only 2,713 mL
of composite sample can be obtained.

Example 2.3: Manually preparing a composite sample using the method,
time constant/volume proportional to instantaneous flow rate.

Given: 500 mL discrete samples were taken at hourly intervals over an
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eight hour shift. A 2,000 mL composite is desired. A
recording of flow rate is available.

Sample No. aj a; a; (adjusted) =
(i) a; x 500/max a.
(Titers) {mL) (mL)
Sec.
1 600 109 _ 107
2 1,000 182 _ 179
3 1,700 309 304
4 2,800 509 500
5 1,800 327 321
6 1,400 255 250
7 1,000 182 179
8 700 127 125
Eq; = 11,000 Za; = 2,000 1,965

max a; = 509 mL
Steps:

1. Enter Q; from record and sum.

2. Calculate a; = q; Vc/qi

3. Check to see if maximum a; (500/509) = a; (adjusted). This example

illustrates that with an individual discrete sample capacity of 500
mL only 1,965 mL volume of composite sample can be obtained. If it
is desired to collect a composite sample of 3,000 mL volume,
obviously larger sized (750 mL) capacity bottles or greater
sampling frequency will be required for collecting individual
discrete samples.

Example 2.4 Manually preparing a composite sample using the method,
constant volume/time proportional to equal increment discharge.

Given: A 500 mL discrete sample was taken each time an average hourly
flow flowed past the sample point. Sampling period is eight
hours.

In addition, a 500 mL sample was taken at the end of the
sampling period. A composite of 4,000 mL is desired. A
recording of total flow from past record is available.
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Past Record .7 Actual

Period Qi (past) AQi (past) Qi (actual) AQi (actual) a, Sample

ith hour (liters) (Titers) (Titers) (liters) (mL)  No.

0 0 0 0 0

1 868 868 797 797
: 500 1

2 4,024 3,156 3,648 2,851
500 2

3 7,616 3,592 8,002 4,354
500 3
4 11,453 3,837 11,709 3,707 500 4
500 5

5 16,629 5,176 16,056 4,347
500 6

6 20,377 3,748 19,763 3,707
500 7

7 22,625 2,248 24,321 4,558
500 8
8 25,000 2,375 26 ,650 2,229 264 9

ZAQi (past) = 25,000 ZAQi (actual) = 26,650
Steps:

1. Enter Qi from past record and calculate AQi = Qi - Qi-l'

2. Determine the number of samples from the overall sampling period.
On the basis of the number of samples required for the overall
sampling period, P, determine the average flow from the past
records for the time interval, T, between the successive discrete
samples. In our case, the number of samples for the sampling
period = 8. Overall sampling period, P = 8 hours.

8 hours

Time interval, T = = 1 hour
8
Average flow for the time interval between successive samples
from past = ~3i (past) = 25,000 = 3,125 L.
P 8

3. Aliquot size a; = 500 mL

4. Collect each discrete sample every time 3,125 L passes the sampling
point; and an additional one 500 mL sample aliquot at the end of the
sampling period.

5. Record the actual flow.

27



6. Note the total flow for the sampling period. In our case it is
zaQ; (actual) = 26,650 L.

7. Calculate the difference between ZAQ, (actual) and ZAQi (past)

which is 26,650 - 25,000 = 1,650 L. This is the flow which passes
the sampling point after taking the last sample for equal
incremental discharge, up to the end of sampling. This flow is
sampled by the sample taken at the end of the sampling period.

8. Compute the representative aliquot required for the unbalanced flow
in step 7 in proportion to the equal increment flow.
ZAQi(actua1) - ZAQi(past)

Required aliquot volume = (a.)
equal increment discharge volume ‘i

_ 26.650 L - 25,000 L

3195 L (500 mL) = 264 mL

9. Composite volume: = Zai = 8 aliquots of 500 mL + 264 mL from the

aliquot taken at the end of the sampling period for a total of
4,264 mL.

Example 2.5 Manually preparing a composite sample for constant volume/time
proportional to equal increment discharge.

Given: A 500 mL discrete sample was taken each time an average hourly
flow flowed past the sample point. Sampling period is eight hours.

In addition, a 500 mL sample was taken at the end of the sampling period.
A composite of 4,000 mL is desired. A recording of instantaneous flow
rate from past records is available.

28



Period Qi (past) AQi (past) *Qi (actual) AQi (actual) a; Sample

ith hr. (Tliters) (Titers) (Titers) (1iters) (mL) No.
0 40 - 30 - - -
50 40
1 60 50
80 80 500 1
2 . 100 110
110 110 500 2
3 120 110
140 130 500 3
4 160 150 500 4
160 165 500 5
5 - 160 180 500 6
155 180
6 150 180 500 7
. 130 145
7 110 110 500 8
105 100
8 100 90 . 86 9
ZAQi (past) = 930 ZAQi (actual) = 950
Steps:

- 1. Enter Qi from past record and use trapezoidal rules to calculate

0, = (Q; +

Q. ,)/2 (another intergration scheme could be used if
i i i-1

warranted).

2. Determine the number of samples for the overall sampling period. On
the basis of number of samples required for the overall sampling
period, P, determine the average flow from the past records for the
time interval, T, between the successive discrete samples. In our
case the number of samples for the sampling period = 8. Overall
sampling period, P = 8 hours

Time interval, T = §—D§E£§- = 1 hour.

Average flow for the time interval between successive samples from

past records _ IAQ, = 930 = 116 L

P 8

3. Aliquot size a; = 500 mL.

4, Collect a discrete sample each time 116 liters passes the sampling
point and one additional aliquot of 500 mL at the end of the sampling
period.

5. Record the actual flows per unit of time interval selected. For
examples; hours, minutes, days.
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6. Calculate the total actual flow for the the sampling period. In our
case it is ZAQi (actual) = 950 L.

7. Calculate the difference between ZAQi (actual) and ZAQi (past)

which is 950-930 = 20 L. This is the flow which passes the
sampling point after taking the last sample for egual incremental
discharge, up to the end of the sampling period.

8. Compute the representative aliquot required for the unbalanced flow
determined in step 7 in proportion to the equal increments.

zAQ. (actual) - 240, (past)

Required aliquot volume = (a;) =
equal increment discharge !
(20 L)(500 mL) volume
116 L = 86 mL

9. Composite volume = fa, = 8 aliquots of 500 mL + 86 mL from the
aliquot taken at the énd of the sampling period = 4,086 mL.
2.5 PLANNING A SAMPLING PROGRAM
The following considerations can help to plan an appropriate sampling
program. The planning process can be divided into four stages: preliminary

plan, evaluation of preliminary plan, final plan, and program evaluation.

2.5.1 Preliminary Plan

In this stage, emphasis is on the collection of preliminary information
on the entity to be sampled, the sampling sites and the flow
characteristics. This information may be available from records of previous
surveys. Where such information is not available, carry out a
reconnaissance survey to become thoroughly familiar with actual site
conditions. Table 2.7 shows the type of information needed in most cases.
Collect the appropriate information for Table 2.7 and based on this
information, draw up a preliminary sampling plan. Delineate preliminary
sampling objectives and details of the plan such as anticipated parameters,
sample type, sample size, and frequency, specified. Record this .information
in a tabular form similar to Table 2.8.

Make an estimate of the resources (manpower and equipment) needed for the
sampling program. Table 2.9 illustrates one form for keeping records of .
available resources and estimated needs of a sampling program. Include into
the preliminary sampling plan, sample preservation and chain of custody
procedures. T
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TABLE 2.7 PRESURVEY INFORMATION

Entity Process Details
Treatment Plant ( ) 1.
Industry () 2.
River ( ) 3.
Estuary ( ) 4.
Sewer ( ) 5.
Water Mains ( ) 6.
Plans: Yes  No Waste sources Flows
Sewer maps () () 1. P/C
Water 1ine net-
work maps () () 2. P/C
River and tribu-
tary maps () () 3. P/C
Treatment plant maps ( ) () 4, P/C
Estuary zone maps () () 5. P/C
Channel Flow Variability Manholes ( )
other
Width Hourly Max
Diameter
Depth Hourly Min or width
Hourly Average Depth
Pipe
Daily Max
Diameter
Daily Min .
Material ‘
Daily Average
P = pipe flow open channel flow (continued)
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TABLE 2.7 (Continued)

Topography

()
()

Vegetation

Level

Slopes
()

()

Swamp

Other
Specify

()

Sampling Sites

Distance:

()
Remote ( )

Near

Physical Charac- Safety Security
teristics of Flow
Odor Steep banks ( ) Fence ()
Temperature Soft grounds ( ) Open ()
0i1 & Grease Gases () Guarded ( )
specify
Clear () Lighted ( )
Turbid () Stream Currents
Other ()
Suspended Solids Turbulent () Specify
concentration
Sluggish ()
Numbers : Accessibility: Convenience:
Few () Road () Sheltered ()
Many () Bridge () Power available ( )
Other () Other ()
Specify Specify

Additional Information
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TABLE 2.8 DETAILS OF SAMPLING

Number Field or Chain of
Parameters of Sample Sample of Lab Saxple Preservation Holding | Analytical . Custody Remarks
Interest Type Frequency Sazples Analysis Volune Tioes Methods

Procedure




TABLE 2.9 MANPOWER AND EQUIPMENT FOR A SAMPLING PROGRAM

Manpower:

Sampling Program Coordinator
Quality Assurance Coordinator
Laboratory Custodian

Field Sampling Crew Chief
Field Laboratory Crew
Shipment Truck Driver

Others

Equipment:

Automatics Samplers:
Type

Manual Samplers:
Type

Flow Meters: ‘Type and Size

Available

Needed
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"TABLE 2.9 (Continued)

Available Needed
Portable Weirs:

Portable Flumes:

Sounding Equipment:

Wading rods

Cable lines

Sounding rods

Sounding Weight:

Boats:

Trucks:

(Continued)
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TABLE 2.9 (Continued)

Available Needed

»Field Laboratory:

Other Equipment:

2.5.2 Evaluation of Preliminary Plan

Circulate the preliminary sampling plan among other divisions
(Taboratory, field personnel, and quality assurance branch) connected with
the sampling program for their considerations and further deliberations
before drawing up a final sampling program.

2.5.3 Final Plan

Base the final sampling plan on the preliminary plan and subsequent
deliberations and coordination with the personnel involved. Spell out the
final plan in detail including: objectives, sampling locations, number and
frequency of samples, sample types, quality assurance samples (field spikes,
replicates, etc.), preservation and chain of custody procedures, designation
of authorities, field procedures and other pertinent information so that the
sampling plan can be executed in an efficient and well coordinated manner.
Pre-sampling briefing should be a key element in any sampling program.

2.5.4 Program Evaluation

Evaluate the entire program after the samples are collected and
analyzed to determine the effectiveness of the final plan and to avoid
future pitfalls and problems. The performance evaluation should enhance the
efficiency of the program and quality of the data generated from a sampling
program.
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2.6 FIELD PROCEDURES

The heart of the sampling program is field operations. If proper
precautions and care are not exercised in the field procedures, the entire
sampling program will become meaningless despite adequate planning,
analytical facilities, and personnel. The key to the success of a field
sampling program lies in good housekeeping, collection of representative
samples, proper handling and preservation of samples, and appropriate chain
of custody procedures.

2.6.1 Good Housekeeping

1.
2.

Compose written instructions on field sampling procedures.

Prior to use, check sampling equipment to insure good operating
conditions and cleanliness. Keep the equipment ready to be used.
After the sampling has been completed, clean the equipment and keep
it in neat environments. Follow manufacturer's specifications in
carrying out routine maintenance of the equipment.

Check primary (e.g. flume) and secondary (e.g. Recorder/transmitter)
devices for the following:

a. Locations

At the appropriate place as defined in sampling program.
Upstream and downstream conditions meet the requirement of
specific installation of primary and secondary devices.

b. Dimensions of primary devices such as flumes, weirs, and still
wells to be sure they are within tolerance Timits.

c. General conditions of channel, primary and secondary devices
and stilling wells. Note any unusual wear, debris in channel
or distortion of chart paper.

d. Calibration of primary and secondary devices before actual
measurements of flow are taken.

Check all samp1e bottles to avoid contamination. Clean the bottles
as indicated in Section 17.2.5 and 17.2.6. If this cannot be done,
do not collect the sample.

In the Taboratory, clean the sample 1ntake tubing by flushing with
hot water and then rinsing with distilled water. In the field,
rinse several times with sample water.

Maintain record of breakdowns in the sampling operations, the
problems encountered with different equipment and how they were
resolved. This information indicates the reliability of the
equipment, the problem areas that need to be brought to the
manufacturer's attention, and considerations for future procure-
ments.

Hold training sessions for field sampling teams.
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2.6.2 Guidelines for Representative Sample

To obtain representative samples, follow these guidelines:

1.

Collect the sample where water is well mixed, that is near a
Parshall flume or at a point of hydraulic turbulence such as
downstream of a hydraulic jump. Certain types of weirs and flumes
tend to enhance the settling of solids upstream and accumulate
floating solids and oil downstream, therefore such locations should
be avoided as a sample source. For Tow level turbulence,
mechanical or air mixing should be used to induce turbulence except
when dissolved gases or volatile materials are being sampled.
Collect the sample in the center of the channel at 0.4 to 0.6 depth
from the bottom where the velocity of flow is average or higher
than average and chances of solids settling is minimum. This

depth avoids bottom bed loads and top floating materials such as
oils and grease.

In a wide channel, divide the channel cross section into different
vertical sections so that each section is equal width. Take a
representative sample in each vertical section.

In a deep stream or lake, collect the samples at different depths.
In those cases of.wide and deep streams the samples can be
composited or analyzed individually depending upon the program
objective.

When manual sampling with jars, place the mouth of the collecting
container below the water surface and facing flow to avoid an
excess of floating material. Keep the hand away from the mouth of
the jar as far as possible.

Additional guidelines for manual sampling:

Sample facing upstream to avoid contamination.

Force sampling vessel through the entire cross section of the
stream wherever possible.

Drop an inverted bucket and jerk Tine just before impact with
the water surface.

Be certain that the sampler closes and opens at the proper time
when sampling with a depth integrating sampler; with a point
sampler, be certain that sampler opens at a proper depth. If a
doubt exists, discard the sample and re-sample.

When sampling, it is necessary to fill the bottles completely if the
samples are to be analyzed for volatile organics, 02, COZ, NH3, HZS‘

free chlorine, pH, hardness, 502. NH4. FE++, 0oil and grease,

acidity or alkalinity. When sampling for bacteria or suspended
solids, it is necessary to leave an airspace in the sample
container to allow mixing before subsampling.

Collect sufficient volume to allow duplicate analyses and quality
assurance testing (split or spiked samples). The required sample
volume is a summation of that required for each parameter of
interest. Refer to USEPA's Methods for Chemical Analyses for Water
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10.
11.

12.

and Wastewater, 1979, EPA 600/4-79-0202 for the volume required for
analysis of a specific parameter (8), or the laboratory director for
minimum volumes to be collected.

Maintain an up-to-date log book which notes possible interferences,
environmental conditions and problem areas.

Since mathematical relationship between volumetric flow and height
(or depth) of flow is nonlinear, composite flow proportional samples
in relation to the total volume of flow as opposed to gauge height
or raw measurement of a secondary device.

If samples are taken from a closed conduit via a valve or faucet
arrangement, allow sufficient flushing time to insure that the
sample is representative of the supply, taking into account the
diameter, length of the pipe to be flushed and the velocity of the
flow.

2.6.3 Sample Preservation, Handling and Chain of Custody Procedures

When immediate analysis of the collected sample is not possible, take
precautions so that the sample characteristics are not altered. Follow these
guidelines for sample handling and preservation:

1.
2.

3.

4.

Minimize the number of people handling the sample.

Follow the guidelines given in chapters 15 and 17 on chain of
custody procedures and sample handling.

Store the sample in a manner which insures that the parameters to be
analyzed are not altered, and use the preservation methods and
holding times pertinent to the parameters shown in chapter 17.
Insure that the container material does not interfere with the
analysis of the specific parameters. Refer to EPA's Methods for
Chemical Analyses for Water and Wastewaters, 1979.

EPA 600/4-79-020.(8)

2.6.4 Field Analysis and Procedures

The sampling program should specify the various analyses to be
performed in the field and the corresponding analytical methods. Field
Taboratories must also have standard procedures and methods for handling and
analyzing samples such that identification, integrity and representativeness
of the samples are maintained at all times.
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CHAPTER 3

FLOW MEASUREMENTS

Methods of flow measurements are presented in this section. More
detailed information can be found in a number of noteworthy publications
such as ASME Monograph of Fluid Meters, (1) USDI Bureau of Reclamation's
Water Measurement Manual, (2) publications of Techniques of Water Resource
Investigations. by USDI, U.S. Geological Survey, as well as texts or
manuals on hydraulics. (3-13)

Inaccurate flow measurements will Tead to inaccurate flow proportional
composite samples which in turn will lead to inaccurate results. Therefore,
care must be exercised in selecting a flow measurement site. The ideal site
gives desired flow measurement to meet program objectives, provides ease of
operation and accessibility; personnel and equipment safety, and freedom
from vandalism.

A flow measurement system usually consists of a primary device having
some type of interaction with the fluid and a secondary device which
translates this interaction into a desired readout or recording.(5)

Flow measurement methods can be broadly grouped into four categories:

1. Closed conduit flow measurement

2. Flow measurement for pipes discharging to atmosphere

3. Open channel flow measurement

4. Miscellaneous methods of flow measurement

Table 3.1 1ists different methods of flow measurement and their
application to various types of problems.
3.1 CLOSED CONDUIT FLOW MEASUREMENT

Some of the most commonly used devices and methods for closed conduit
primary flow measurement are described briefly in this section.

3.1.1 Venturi Meter

The Venturi meter is one of the most accurate primary devices for
measuring flow rates in pipes. Basically the Venturi meter is a pipe segment
consisting of an inlet section (a converging section), a throat and an
outlet section (a diverging section) as illustrated in Figure 3.1. A
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TABLE 3.1 METHODS OF FLOW MEASUREMENT AND THEIR APPLICATION
TO VARIOUS TYPES OF PROBLEMS (14)(15)

Applicable Pressure Volumetric Flow
Device or Flow Range to Type of Eage of Accuracy¥ Loss Thru Flow Rate Transmitter
Method Measurement Water and Cost Installation of Data the Device Detector Sensor Available Application
Wastewater
Mathematical Small to All Low NA Fair NA NA NA NA Open channel,
formula large pipe flow
Hater meters Small to All Low Fair Excellent Medium NA NA NA Pipe flow
large
Bucket & Small All Low Pair Good NA NA NA NA Small pipes with
stopwatch ends or joints
can be discon
nected
Pump capa~ Small to All Low Fair Good NA NA NA NA Lines where water
city & oper- large is being pumped
ation
Floating Small tov All Low NA Good NA NA NA NA Open channels
objects medium
Dyes Small to All Low NA Fairly NA NA NA Na Pipe flow and
medium good open channels
Salt Small to All Low NA Fair NA NA NA NA Pipe flow and
Dilution medium open channels
Orifice Small to Clean Medium Fair Excellent High Yes Yes Yes Pipe flow
meter large water 1/4 - 2%
Venturi
tubes Small to Clean High Fair Excellent Minimal Yes Yes Yes Pipe flow
large water, 1/4 - 3%
limited
for waters
with sus~

pended solids

* Assumes proper installation and maintenace of primary device (continued)
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TABLE 3.1

(Continued)

Applicable Pressure Volumetric Flow
Device or Flow Range to Type of . Ease of Accuracy® Loss Thru Flow Rate Transmitter
Method Measurement Water and Cost Installation of Data the Device Detector Sensor  Available Application
Wastewater
Flow nozzle Small to Clean water Medium Fair Excellent Minimal Yes Yes Yes Pipe flow
large 1/4 - 3%
Pitot tubes Small to Clean water Medium Fair Good Minimal Yes Yes Yes Pipe flow
medium 2 - 52
Elbow taps Small to Clean water, Medium Fair Falr Rone Yes Yes Yes Pipe flow
medium limited for
water with
suspended
solids
Rotameters Small to Clean water, Medium Fair Excellent Average Yes Yes Yes Pipe flow
medium limited for
water with
suspended
solids
Magnetic Small to All High Fair Excellent None Yes Yes Yes Pipe flow
flow- large 1/2 - 1%
meters
Weirs Small to All Medium Difficult Good to Minimal Yes Yes fes Open channel
large Excellent flow
2 - 5%
Flumes ~Small to All High DLfflcult Good to Minimal Yes Yes Yes Open channel
large Excellent flow
2 - 5%
Acoustic Small to All Righ Fair Excellent None Yes Yes Yes Pipe and open
flow- large 1% channel flow
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portion of potential energy transferred to kinetic energy in the throat
section causes a pressure differential which is proportional to the flow

rate.

One of the advantages of the Venturi meter is that it has Tow

pressure 10Ss.

Manufacturers of Venturi meters routinely size their meters for a
specific use. The accuracy of the Venturi meter is affected by changes in
density, temperature, pressure, viscosity and pulsating flow of the fluid.

To obtain accurate flow measurements:

1.
2.

The

Where:

Where:

Install Venturi meter as per manufacturer's instructions.

Install Venturi meter downstream from a straight and uniform section
of pipe, at least 5-20 diameters, depending upon the ratio of pipe
diameter to throat diameter and whether straightening vanes are
installed upstream. Installation of straightening vanes upstream
will reduce the upstream piping.

For wastewater application, insure that the pressure measuring taps
are not plugged.

Calibrate Venturi meter in place either by volumetric method
(Section 3.4.5) or comparative salt dilution method (Section
3.3.1.3) to either check the manufacturer's calibration curve or to
develop a new calibration curve.(16)

formula for calculating the flow in a Venturi meter is as follows:

Q = CAKYH

volume of water, in cubic meters per second (cubic feet per second)
discharge coefficient, approximately 0.98. C varies with Reynold's
number, meter surfaces and installation.

™
Throat area, in square meters (feet) Z'dZ

2

H1 - H2, differential head, in meters (feet) of water.

pressure head at center of pipe at inlet section, in meters
(feet) of water.

pressure head at throat, in meters (feet) of water

d

29
1—(?2>4 (Obtain values of K from Figure 3.2)
1

acceleration due to gravity, 9.82 m per sec2 (32.2 feet per sec2)
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d2 throat diameter, in meters (feet).
dy = diameter of inlet pipe, in meters (feet).

3.1.2 Flow Tubes

Included in the class of flow tubes are Dall tube, "Lo-Loss" tube, and
gentle tube.

The Dall tube is a Venturi type device, in which the differential
pressure results from the streamlined bending as well as the velocity head
(Figure 3.3).

The Dall tube is almost as accurate and has a higher head recovery than
the standard Venturi, being one of the Towest permanent head Toss devices
known. It is more sensitive to system disturbances than the Venturi, and
straight upstream pipe runs of 40 pipe diameters or more may be required.
Installation of straightening vanes upstream will reduce the upstream piping
requirement. Although somewhat cheaper than the Venturi, the Dall tube must
still be considered expensive. It 'is much shorter than either Tong or short
tube Venturi meters. Calibration and other installation guidelines for
Venturi meters also apply to flow tubes.

3.1.3 Flow Nozzle

A flow nozzle is a measuring device with characteristics between the
Venturi meter and an orifice as far as head loss and cost are concerned
(Figure 3.4). It operates on the same principles as the Venturi meter. The
flow formula for the Venturi tube is also applicable to the nozzle. Flow
nozzles can be used in wastewater flows containing moderate amounts of
suspended solids. Each manufacturer uses a slightly different nozzle
ranging from a Venturi to an orifice. Accuracy, installation and
calibration guidelines for Venturi meters also apply to flow nozzles.

3.1.4 Orifice Meter

An orifice meter is relatively inexpensive, easy to install, and a
reliable flow measuring device. Basically, an orifice is an obstacle placed
in the path of flow in a pipe.

The principles of operation of an orifice are the same as for nozzles
and Venturi meters since the stream lines of the flow and the basic formula
are similar to those of a Venturi meter.

Q = CAKYH (Same as Venturi tube)

The coefficient, C, is illustrated for several forms of orifices in
Figure 3.5 and tabulated in Table 3.2. The nominal coefficients are
applicable for relatively large orifices operating under comparatively large
heads of water.

The orifice measures flow over a wide range by varying the throat width.
Orifice plates are the most sensitive of all the differential pressure

46



FLOW -

LOW PRESSURE TAP

HIGH PRESSURE TAP

Figure 3.3 Dall Flow Tube (5)

HIGH

PRESSURE TAPﬂ_ F __/‘LOH PRESSURE TAP

Tzzzzz TIITITITTIZ . H dE
—e

NN

VT TIT TS 7. \% 7 7ZZ T2 7
27N
ENTRANCE = Eﬁ < L THROAT

CONE

Figure 3.4 Typical Flow Nozzle Installation (5)

47



ORIFICES AND THEIR NOMINAL COEFFICIENTS
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0.61 to 0.98 0.80 0.51
0.71

Figure 3.5 Coefficients of Several Types of Orifices (13)
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TABLE 3.2 DISCHARGE COEFFICIENTS FOR PRESSURE TAP, ORIFICES (13)

Orifice Diameter (d2) 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Pipe Diameter (dl)

Coefficient C --- 0.61 0.61 0.61 0.61 0.61 0.64 O0.71

devices to effects of upstream disturbances. It is not uncommon to need 40
to 60 pipe diameters of straight run upstream of the installation.(3) The
main disadvantage to the orifice is the large permanent pressure loss that
occurs across the section. The other disadvantage of the orifice is
susceptibility to clogging in waters with high suspended solids
concentration. The relative permanent pressure losses for the Venturi tube,
the nozzle, P/M Lo-Loss tube (Badger Meter Inc.) and the orifice are
compared in Figure 3.6.

3.1.5 Elbow Meters

Flow acceleration induced in a fluid going around a bend such as an
elbow produces a differential pressure that can be used to indicate flow.
The pressure on the outside of an elbow is greater than on the inside, and
the pressure taps located midway around the bend at about 45 degrees from
either flange can be connected to a suitable secondary element for
indicating or recording.

For accurate flow measurement, straight pipe runs of at least 20 pipe
diameters should be provided both upstream and downstream of the elbow.
accuracies of 3 to 10% are generally encountered although accuracies of 1 to
2% or better in some cases may be achieved if calibrated in place.(5)

3.1.6 Pitot Tube

A schematic diagram of a simple Pitot tube is shown in Figure 3.7. 1In
operation, the velocity of the flow is calculated from the difference in
head measured on the manometer. Pitot tubes measure the flow velocity at a
point.

The basic formula is:

V., =C Y2gH"
V, = velocity at a point (at center of pipe vV, = Vc)
= coefficient of discharge obtained by calibration
Vc = velocity at the center |
Vm = mean velocity = 0.83 Vc
H = measured pressure differential (P2 - P1 in Figure 3.7)
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Q@ = discharge volume
A = area of cross section of stream at the point of measurement
Q = VmA

Commercially available Pitot tubes consist of a combined peizometer and
total head meter. Pitot tube measurements should be made in a straight
section upstream and free of valves, tees, elbows, and other fittings with a
minimum distance of 15 to 50 times the pipe diameter. When a straight
section is not possible, a velocity profile should be obtained
experimentally to determine the point of mean velocity. Pitot tubes are not
practical for use with liquids with Tlarge amounts of suspended solids
because of the possibility of plugging. In large pipes, the Pitot tube is
one of the most economical means of measur1ng flows, except for low
velocities.

3.1.7 Rotameters

Rotameters (Figure 3.8) are tapered tubes in which the fluid flows
vertically upward. A metal float in the tube comes to equilibrium at a point
where the annular flow area is such that the velocity increase has produced
the necessary pressure difference. Rotameters are simple, inexpensive and
accurate devices for measuring relatively small rates of flow of clear,
clean liquids (no suspended solids). For this reason they are used to
measure the water rate into individual processing steps in manufacturing
operations. To maintain accuracy in a rotameter, it is essential that both
the tube and float be kept clean.

3.1.8 Electromagnetic Flowmeter

The electromagnetic flowmeter operates according to Faraday's Law of
Induction: the voltage induced by a conductor moving at right angles
through a magnetic field will be proportional to the velocity of the
conductor through the field. In the electromagnetic flowmeter, the
conductor is the 1iquid stream to be measured and the field is preduced by a
set of electromagnetic coils. A typical electromagnetic flowmeter is shown
in Figure 3.9. The induced voltage is subsequently transmitted to a
converter for signal conditioning.

Electromagnetic flowmeters are used in full pipes and have many
advantages: accuracies of + 1 percent, a wide flow measurement range, a
negligible pressure loss, no moving parts, and rapid response time.
However,they are expensive and build-up of grease deposits or pitting by
abrasive wastewaters can cause error. Regular checking and cleaning of the
electrodes are necessary.

3.1.9 Acoustic F10Wmeters

Acoustic flowmeters, commonly used in water and wastewater flow
measurements, operate on the basis of travel time difference method. In the
travel time difference method, sound waves are transmitted diagonally across

51



_—MAGNETIC
COIL

Figure 3.9 Electromagnetic Flowmeter

TRANSDUCER A

N

YILLSLLSIILLLLLLLLLTIILLLL LTI TS VISR AP0 VSV IILS IS

Figure 3.10 Principle of Acoustic Flowmeter (6)

52



the pipe or channel in opposite directions relative to the flow and the
difference in travel times upstream and downstream are measured (Figure
3.10).

Flowmeters must be installed according to manufacturer's instructions
and calibrated in place to eliminate errors due to uncertainties in
non-laminar flow profile, and due to acoustic short circuit (where
transducers are mounted externally on the pipe). According to the
manufacturers, an accuracy of one percent of full scale is achievable,.

(2)(5)

3.2 FLOW FROM PIPES DISCHARGING TO THE ATMOSPHERE

The common techniques for measuring the flow from open ended pipes
either full or partly full are listed below. The orifice and flow nozzle
techniques which are not listed here are described in Sections 3.1.3 and
3.1.4 respectively. Rotating element meters are described in Section
3.3.1.1.

3.2.1 Pipes Flowing Full

1. Vertical open end pipe (7)

1.20H1.24

a. MWeir flow: Q = 0.249D (Figure 3.1la)

0.171D 2+925%40-53 (Figure 3.11b)

b. Jet flow: Q

where: flow, m3/s

Q
D = internal pipe diameter, meters
H

distance from pipe outlet to top of crest,
meters

2. Horizontal or sloped open end

Q=2.266 x 100% BX (Figure 3.11c and e)
3 Y
where: Q = flow, m~/s
A = cross sectional area of the pipe, square meters
X = distance from the end of the pipe to where Y is
measured, meters
Y = vertical distance measured at a distance X from

the pipe end, meters
3. Purdue Method (6)
It is similar to the trajectory method for the horizontal open ended
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Figure 3.11 Techniques for Pipes Discharging to the Atmosphere (7)



pipe, described in (2) above. To obtain the flow, the trajectory
measurements X and Y, Figure 3.12, are used with curves derived from Purdue
University experiments on pipes 0.05 to 0.15 m (2 to 6 inches) in diameter.
Figure 3.13 gives discharge data for Purdue trajectory method for X = 0, 6,
12, and 18 inches and inside pipe diameters of two, four and six inches.

3.2.2 Pipes Flowing Partially Full

1. Horizontal or sloped open end (7)

Q= 2.264 x 10" AX(cF)

(Figure 3.11d)

Y'Y
where:
Q = flow, m3/s
= cross sectional area .of the pipe, square meters
X = distance from end of pipe to where Y is measured, meters
Y = vertical distance measured at a distance X from the pipe end,

meters
CF = correction factors which are given in Table 3.3
2. Purdue Method (6)
This method can be used for partially full pipe discharging to
atmosphere using the curves (Figure 3.12) for X = 0, provided the
brink depth is less than 0.8 diameter.
3. California Pipe Method (6)(7)
Q = TW, (Figure 3.11f)

where:

Q = flow, m3/s

T=8.69 (1 -3 1%

W= d2.48

d = Inside pipe diameter, meters

a = Inside distance from the top of pipe to water surface, meters

The empirical equation is derived from experiments performed on steel
pipes from 3 to 10 inches in diameter and it is imperative that a/d
should be less than 0.5 and the straight pipe length to the end of
pipe should be at least 6d.
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TABLE 3.3 CORRECTION FACTORS FOR DISCHARGE FROM PIPES
PARTLY FULL (7), HORIZONTAL OR SLOPED END

R* Correction R* Correction R* Correction
Factor Factor Factor
0.10 0.948 0.37 0.664 0.64 0.324
0.11 0.939 0.38 0.651 0.65 0.312
0.12 0.931 0.39 0.639 0.66 0.300
0.13 0.922 0.40 0.627 0.67 0.288
0.14 0.914 0.41 0.614 0.68 0.276
0.15 0.905 0.42 0.602 0.69 0.265
0.16 0.896 0.43 0.589 0.70 0.253
0.17 0.886 0.44 0.577 0.71 0.241
0.18 0.877 0.45 0.564 0.72 0.230
0.19 0.867 0.46 0.551 0.73 0.218
0.20 0.858 0.47 0.538 0.74 0.207
0.21 0.847 0.48 0.526 0.75 0.195
0.22 0.837 0.49 0.513 0.76 0.184
0.23 0.826 0.50 0.500 0.77 0.174
0.24 0.816 0.51 0.487 0.78 0.163
0.25 0.805 0.52 0.474 0.79 0.153
0.26 0.793 0.53 0.464 0.80 0.142
0.27 0.782 0.54 0.449 0.81 0.133
0.28 0.770 0.55 0.436 0.82 0.123
0.29 0.759 0.56 0.423 0.83 0.114
0.30 0.747 0.57 0.411 0.84 0.104
0.31 0.735 0.58 0.398 0.85 0.095
0.32 0.723 0.59 0.386 0.86 0.086
0.33 0.712 0.60 0.373 0.87 0.078
0.34 0.700 0.61 0.361 0.88 0.069
0.35 0.688 0.62 0.349 0.89 0.061
0.36 0.676 0.63 0.336 0.90 0.052

* R = F/D (Free board in pipe/inside pipe diameter), (see Figure 3.11d)

3.3 OPEN CHANNEL FLOW MEASUREMENTS

Methods of flow measurements for open channels can be applied to flows
in non-pressure sewers since both have the same hydraulic characteristics.
Different methods in use can be grouped into the following broad
classification:
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1. Velocity Methods
2. Head-Discharge Methods
3. Miscellaneous Techniques

3.3.1 Velocity Methods

Velocity flow can be measured using drag body current meters,
eddy-shedding current meter, acoustic velocity meter, doppler-shift velocity
meter, electromagnetic current meter, and rotating element current meters.
Various drag body current meters are compared in Table 3.4 and Pitot tubes
in Section 3.1.6.

3.3.1.1 Rotating Element Current Meters

0f the rotating element current meters, Price and Pigmy meters are
commonly used. The principle of operation- is based on the proportionality
between the velocity of water and resulting angular velocity of the meter
rotor. In conventional current meters there is a wheel which rotates when
immersed in flowing water and a device which determines the number of
revolutions of the wheel. The general relation between the velocity of the
water and number of revolutions of the wheel is given by:

(1)(2)(4)(5)(6)(17):
V = a + bN,
where:

V = velocity of water meters per second
a and b are constants
N = number of revolutions per second

These current meters can be grouped into two broad classes:
1) vertical-axis rotor with cups or vanes and 2) horizontal-axis with vanes.
Figure 3.14 shows the propeller current meter which is typical of a
horizontal-axis current meter with vanes. Figure 3.15 shows the Price
current meter which is typical of a vertical-axis rotor current meter with
cups.

Practical considerations 1imit the ratings of these meters fo
velocities of 0.030 m/s (0.11 fps) to about 4.57 m/s (15 fps). The
comparative characteristics of these two types are summarized below: (4)

1. Vertical-axis rotor with cups or vanes

a. Operates in lower velocities than do horizontal-axis meters.

b. Bearings are well protected from silty water.

c. Rotor is repairable in the field without adversely affecting the
rating.

d. Single rotor serves for the entire range of velocities.
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TABLE 3.4 COMPARISON OF DRAGBODY CURRENT METERS (17)

Dragbody Current Meter Type

Horizontal Axis  Pendulum
Vertical Axis Pendulum Type Current
Factor Deflection Vane Deflection Vane Meter Inclinometer Drag Sphere
Velocity Range Wide range but Wide range Wide range Suitable for low Single velocity
not suitable for velocities-only range
Tow velocities single velocity
range
Submerged No Possible Pendulum ball Possible Possible
Installation is submerged
Debris Problem Not a Problem Affects drag Not a problem Not a problem
on line and
hence accuracy
of velocity
measurement
Qutput Recording Mechanical Electrical No, manual No, data manually Electrical
© output output operation processed output
Readout of Visual No visual - - Deflection can
Deflection readout be resolved-no
visual readout
Simplicity Simple Simple Complex




p$——— Wading rod

Figure 3.14 Propeller Meter (16)

Electric
cadle

Support cable

Ravolution counter

.8,

Anemometer

Figure 3.15 Price Meter (16)
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2. Horizontal-axis rotor with vanes

a. Rotor disturbs flow less than do vertical-axis rotors because of
axial symmetry with flow direction.

b. Rotor is less 1ikely to be entangled by debris than are
vertical-axis rotors.

c. Bearings friction is less than for vertical-axis rotors because
bending moments on the rotor are eliminated.

d. Vertical currents will not be indicated as positive velocities as
they are with vertical-axis meters.

e. They have a higher frequency of mechanical problems.

To determine the discharge (flow volume), in additions to velocity of
flow it is necessary to determine the area of flowing water or wastewaters.
This holds especially for large flows in rivers, lakes, and wide and deep
channels. A depth sounding is necessary at each vertical and width
measurement of the cross~section of flow to determine the area of flowing
water or wastewater. Sounding rods, sound weights and reels, handlines, and
sonic sounders are common equipment used for depth determinations. Marked
cableways and bridges, steel or metallic taps or tag lines are used for
width determinations. For details or procedures for depth and width
determinations, see reference.(4)

3.3.1.2 Measurement of Velocity

To determine the discharge at a particular cross-section, it is
necessary to determine the mean velocity of flow at that section. 1In drag
body current meters such as vertical-axis deflection vane, horizontal-axis
pendulum type deflection vane and pendulum current meters, it is possible to
integrate velocities at different depths in a particular section to obtain
the mean velocity of flow, whereas inclinometer, drag sphere, rotating
element current meters and pitot tubes measure velocity at a point.
Therefore, to obtain the mean velocity of flow at a particular vertical
section, it is necessary to take velocity measurements at different depths.
The various methods of obtaining mean velocities are:

Vertical-velocity curve
Two=-point

six-tenths depth
Two-tenths depth

‘Three point

Subsurface

SN pPpwWwN =
e e o e e o

Table 3.5 compares these methods in relation to application, flow depth,
velocity measuring point(s), and accuracy.

3.3.1.3 Time of Travel-Velocity Methods
1. Salt Velocity Method (1)(2)(5)(6)

The method is based on the principle that salt in solution increases the
conductivity of water. This method is suitable for open channels of
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TABLE 3.5 COMPARISON OF VARIOUS METHODS TO OBTAIN MEAN VELOCITY

Methods
Considerations

Vertical-Velocity
Curve Method

Two-point
Method

Six~tenth depth
Method

Two-tenth
Depth Method

Three point
Method

Subsurface
Hethod

Application

Flow depth
requirement

Velocity
measuring
point(s)

Mean velocity

Accuracy

Not for routine
discharge and
measurements

To determine
coefficients
for application
to the results
obtained by
other methods

Greater than
2.5 feet

At 0.1 depth
increments be-
tween 0.1 and
0.9 depth

From vertical-
velocity curve

Most Accurate

Generally
used

Greater than
2,5 feet

0.2 and 0.8
depth below
the water surface

2

Gives consistent
and accurate re-~
sults

Primarily used
for depths less
than 2.5 feet

0.3 foot to
2.5 feet

0.6 depth
below the
water surface

Observed velocity
is the mean
velocity

Gives reliable
results

During times of
high velocities
when measurements
at 0.6 and 0.8
depth are not
possible

No depth
constraint

0.2 depth
below the
water surface

Vean "CxVp,2
C=Coefficient
obtained from
vertical-velocity
curve, At that
vertical for the
particular depth
of flow

If C is accu-
rately known can
give fairly reli-
able results

When velocitics
in a vertical
are abnormally
distributed

When more
weight to 0.2
and 0.8 depth
observations
is desired

Greater than
2.5 feet

0.2, 0.6 and
0,8 depth below
the water sur-
face

vme an ’
vo.2+Y0.8+0.6
4

Gives reliable
results

When it is
impossible

to obtain
goundings

and the depth
cannot be es-
timated to an
approximate
0.2 depth
getting

Greater than
2.5 feet

At least 2
feet below

the water
surface

vmean =

C x V observed
C=Coefficient
obtained from
vertical-velo~-
city curve at
that vertical
for the parti-
cular depth of
flow

Glves rough
estimate as C
ig difficult
to determine
accurately

V0 2 ™ Velocity at 0.2 depth from water surface

Vo.6 = Velocity at 0.6 depth from water surface

v = Velocity at 0.8 depth from water surface

0.8
v,

mean = Mean velocity



constant cross-section and for flow in pipes. Sodium chloride and 1lithium
chloride are commonly used. The basic procedure is as follows:

a. Install two pairs of conductivity electrodes down stream from the
salt injection point at known distances and sufficiently far
apart in the stretch of the channel.

b. Connect the recording galvanometer to the electrodes.

c. Inject the slug of salt solution. _

d. The time for salt solution to pass from the upstream to the down-
stream electrodes, in seconds, is determined by the distance on
the graph between the centers of the gravity of the peak areas.

e. Calculate the discharge, using the formula:

Q = —— , Wwhere,

discharge in cubic meters per second

cross-sectional area of flow, square meters

distance between the electrodes, meters

recorder time for salt solution to travel the distance
between the electrodes, seconds.

—Ar>»o0o
o uu

2. Color Velocity Method

The color velocity method is used to estimate high velocity flows in
open channels. It consists of determining the velocity of a slug of dye
between two stations in the channel. This velocity, taken as the mean
velocity, multiplied by the cross-sectional area of flow gives an estimate
of the discharge. Commercially stable dyes (see section 3.4.3) or potassium
permanganate may be used as the coloring matter. The color velocity is
computed from the observations of the time of travel of the center of the
mass of colored 1iquid from the instant the slug of dye is poured at the
upstream station to the instant it passes the downstream station, which is
at a known distance from the upstream station.

With fluorescent dyes, the use of a fluorometer to detect the center of
the colored mass will enhance the accuracy of the results.

3. Floats

There are three types of float methods used for estimating flow
measurements; surface floats, subsurface floats and integrating floats. To
determine the flow velocity, one or more floats are placed in the stream and
their time to travel a measured distance is determined. These methods are
simple, but from an accuracy standpoint, they should only be used for
estimating the discharge.

Various surface floats such as corks and stoppered bottles and
submerged floats 1ike oranges, measure the surface velocity. The mean
velocity of flow is obtained by multiplying with a coefficient which varies
from 0.66 to 0.80.(2)
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A more sophisticated version is the rod-floats, which are usually round
or square wooden rods. These rods have a weighted end so that they float in
vertical position with the immersed length extending about nine-tenth of the
flow depth. Velocity measured by the time of travel by these rods is taken
as the mean velocity of flow. These floats are used in open channels and
sewers.

To obtain better results, the velocity measurements should be made on a
calm day when in a sufficiently long and straight stretch of channel or sewer
of uniform cross-section and grade with a minimum of surface waves. Choose a
float which will submerge at least one-fourth the flow depth.

A more accurate velocity measurement is obtained by using integrating
float measurements. The method is simple and consists of the release of
buoyant spheres resembling 1ike ping pong balls from the channel floor. As
these spheres rise, they are carried downstream by the flow velocity. The
time from the moment of release to the moment when they surface, and the
distance traveled downstream are measured and inserted into the following
equations to determine the flow rate.

L
= DV and V——'t—‘
discharge per unit width of channel in cubic meters/sec.
(cubic ft/sec.)
flow depth, meters. (feet)
terminal velocity of the float, meters/sec. (ft./sec.)
distance traveled downstream by float, meters. (feet)
time of rise of the float in seconds.

where:

trr<o O O

In flows of large depth and velocity, integrating float methods with two
floats of different velocities of rise are used.(18)(19) The discharge is
calculated using the relationship:

D(LZ-LI)

Q= __~ -
t,-ty where, L, and L, are distances traveled
downstream by float 2 and float 1 respectively; and t, and t, are times
of rise of float 2 and float 1 respectively.

The integrating float method is simple and does not require any
laboratory calibration. It integrates the vertical velocity profile and
yields the mean velocity or discharge per unit width of the section. The
method is suited to low velocities and is especially useful for flows having
abnormal velocity profiles, and it has practically no lower velocity limit.
To get better accuracy, the reach of the stream to be measured should be
sufficiently long and straight and the bed fairly uniform. Use a fast
rising float so that distance travelled downstream is of short lTength. The
shape of the float should be spherical. (18)
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3.3.2 Head Discharge Methods

This technique takes advantage of the head discharge relationship that
exists when a liquid flows over an obstruction or through a specific
(convergent-straight-divergent) channel section.

3.3.2.1 MWeirs

A weir is an overflow structure built across an open channel to measure
the rate of flow of liquid. -

Depending upon the shape of the opening, weirs may be termed
rectangular, trapezoidal, or triangular. When the water level in the
downstream channel is sufficiently below the crest to allow free access of
air to the area beneath the nappe, the flow is said to be free. When the
water level under the nappe rises above the crest elevation the flow may be
considered submerged: the degree of submergence depends upon the ratio of
upstream and downstream head (height of water above crest elevation) The
effect of submergence is to cause large inacuracies in the the flow
measurements. Therefore, the use of submerged weirs as the flow measuring
device is avoided.

In a sharp crested weir, flowing 1iquid does not contact the bulk head
but springs past it. If the bulk head is too thick for the liquid to spring
past, the weir is classed as broad crested.

Weirs may be contracted or suppressed. When the distances from the
sides of the weir notch to the sides of the channel (weir pool) are great
enough (at least two or three times the head on the crest) to allow the
liquid a free, unconstrained lateral approach to the crest, the liquid will
flow uniformly and relatively slowly toward the weir sides. As the flow
nears the notch it accelerates, and as it turns to pass through the opening,
it springs free laterally with a a contraction that results in a jet
narrower than the weir opening. If a rectangular weir is placed in a
channel whose sides also act as the sides of the weir, there is no lateral
contraction, and the weir is called a suppressed weir. Various types of
weirs are shown in Figure 3.16.

Most of the flow measurements are conducted on sharp crested weirs
without submergence and the subsequent discussion is limited to this type.
For information on sharp crested weirs with submergence and broad crested
weirs, refer to reference 2 and other books on hydraulics.

A typical sharp crested weir is shown in Figure 3.17. Figures 3.18 a,b
and ¢, show the various dimensions required for fully contracted rectangular
Cipolletti and V-notch weirs.

The relationship between head and discharge for different weirs is given
in Table 3.6. For rectangular weirs, the Francis formula is widely used for
flow measurements. However, it should be born in mind that it is applicable
and accurate only for sharp crested fully contracted or suppressed weirs. On

65



BROAD CRESTED WEIR

SHAPE OF THE WEIR CREST

SHARP CRESTED
F1 >
ow

—_—
—
Flow
a.
= /_-\_
SHAPE OF THE NOTCH c.
INVERTED
TRAPEZOIDAL POEBING
APPROXIMATE

RECTANGULAR
LINEAR

V-NOTCH V4
COMPOUND

‘ APPROXIMATE
NAL EXPONENTIAL

PROPORTIO

TRAPEZOIDAL

FLOW CONTRACTION

CONTRACTED

Figure 3.16 Types of Weirs

SUPPRESSED

66



_Point to measure Depth,H

Stralght At Least & H

}
1
inlet Run r

pram— E—— prisn Approx. 5.08 cm (2'")
—— - —— — - e .

77 )

T ==y

24— —— — =)
—_— -

L

Figure 3.17 Typical Sharp Crested Weir (3)

e 5 —

Channel

walls z(:on:ract:iona
‘ et
B

- N

&

a. Contracted Rectangular Weir

Contractio
/ tions

L [N
[} L 1

Contractions

90°V

[~ 1wy 4 m >

b.

Contracted V - Notch Welr

For Full Contraction :
'—__"._ P>2H and
; = ; H Contractions>2H

=

7 2

e e B

L8

3

c. Contracted Cipolletti Weir

Fiéure 3.18 Various Dimensions for Fully Contracted Rectangular,
Cipolletti and V-Notch VWeirs (6)

67



89

TABLE 3.6 HEAD-DISCHARGE RELATIONSHIP FORMULAS

Weir Type

Remarks

Rectangular

Francis Formulas

Kindsvater-Carter

formula

Cipolletrti

V-Notch
Cone formula for

90° V-Notch only

Kindsvater-shen
formula

Contracted Suppressed
Q = 3.33(L-0.2H3/2) Q = 3.33LH3/2
Q = 3.33((u+h)3/2-n3/2) Q = 3.33L{(H+h) 3/2-13/2)
(L-0.2H)
E 3 1°5 = 1'5
Q Ce Le He Q Ce Le He
Q = 3.367 Lu3/2 NA
Q = 3.367L(H+1.5h) /2 NA
Q = 2.49 H2-48 NA

8

Q =15 Ce tan(go (ZgHeS) 1/2 NA

Approach velocity neglected

Approach velocity taken
into consideration

Approach velocity neglected

Approach velocity taken
into consideration

V-Notch weirs are not
appreciably affected by
approach velocity

Q = discharge in
H = head in feet
Co= coefficient,
H = H+0.003

8 = Angle of the

cubic feet per second
h = head in feet due to the approach velocity (V), = 62/2g

ratio of crest (L) to channel width (B), kb=L/B
NA = Not applicable

Le= L+kb, where

notch He=H+kh

L = crest length in feet



the other hand the Kindsvater-Carter formula is applicable to any type of
sharp crested rectangular weir. It gives accurate results and is being
increasingly used.

The rate of flow determines the type of weir to use. A rectangular
weir is preferable for flows greater than 3.4 cubic meters/min. (2 cubic
feet/ sec.) V-notch weirs are used for flows of less than 0.17 cubic
meters/min. (1.0 to 10 cubic feet/sec.).(2) The Cipolletti weir is also
used in the same range as the rectangular weir. The accuracy of
measurements obtained by the use of Cipolletti weirs, based on the formulas
given in Table 3.6 is inherently not as great as that obtained with
suppressed rectangular and V-notch weirs., (2)

With these ranges in mind, the minimum head should be at least 5 cm
(0.2 ft.) to prevent nappe from clinging to the crest, and because at
smaller depths it is difficult to get sufficiently accurate gauge readings.
The crest should be placed high enough so that the water flowing over will
fall freely, leaving an air space under and around the jets. Requirements
for standard weir installations are shown in Figures 3.18 a,b, and c for
rectangular, Cipolletti and V-notch weirs, respectively.

For shapes other than those mentioned above, head-discharge relationship
must be established through field calibration using the salt-dilution
(Section 3.4.3) or other methods.

Flow rates for 60° and 90° V-notch weirs can be determined from the
nomographs in Figure 3.19. Figures 3.20a and 3.20b should be used for flow
rates of V-notch weirs in conjunction with the Kindsvater-Shen formula; (6)
the cone formula should be used only with fully contracted V-notch weirs.
Flow rates for Cipolletti weirs can be obtained from Figure 3.21. Figure
3.22 is a nomograph for flow rates for rectangular weirs using the Francis
formula; whereas Figure 3.23a and 3.23b should be used with the
Kindsvater-Carter formula.

3.3.2.1.1 Criteria for Installing Standard Weirs

To achieve the best accuracy in flow measurement the following criteria
should be met in installing standard